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Globally, sexually transmitted infections (STIs) represent a significant source of morbidity and disproportionately
impact the health of women and children. The number of randomized controlled trials testing interventions to
prevent STIs has dramatically increased over time. To assess their impact, the authors conducted a systematic
review of interventions to prevent sexual transmission or acquisition of STIs other than human immunodeficiency
virus, published in the English-language, peer-reviewed literature through December 2009. Ninety-three papers
reporting data from 74 randomized controlled trials evaluating 75 STI prevention interventions were identified. Eight
intervention modalities were used: behavioral interventions (36% of interventions), vaginal microbicides (16%),
vaccines (16%), treatment (11%), partner services (9%), physical barriers (5%), male circumcision (5%), and
multicomponent (1%). Overall, 59% of interventions demonstrated efficacy in preventing infection with at least 1
STI. Treatment interventions and vaccines for viral STIs showed the most consistently positive effects. Male
circumcision protected against viral STIs and possibly trichomoniasis. Almost two-thirds of behavioral interventions
were effective, but the magnitude of effects ranged broadly. Partner services yielded similarly mixed results. In
contrast, vaginal microbicides and physical barrier methods demonstrated few positive effects. Future STI pre-
vention efforts should focus on enhancing adherence within interventions, integrating new technologies, ensuring
sustainable behavior change, and conducting implementation research.

anti-infective agents; circumcision, male; contraception, barrier; primary prevention; sexually transmitted diseases;
vaccines

Abbreviations: HIV, human immunodeficiency virus; HPV, human papillomavirus; HSV-1, herpes simplex virus type 1 (HSV-2
defined similarly); PDPT, patient-delivered partner therapy; RCT, randomized controlled trial; STD, sexually transmitted disease;
STI, sexually transmitted infection.

INTRODUCTION

The last 2 decades have marked a major ‘‘research tran-
sition,’’ with dramatic growth in emphasis on intervention
research in many areas of health, including prevention of
human immunodeficiency virus (HIV) and other sexually
transmitted infections (STIs). As a result, while earlier
STI intervention trials largely focused on treatment, this
period saw a surge in well-designed trials of prevention in-
terventions. From 1995 to 2008, funding for STI-related
clinical trials provided by the US National Institutes of
Health increased nearly 300% (C. Deal, STD Research
Branch, National Institute of Allergy and Infectious Dis-
eases, personal communication, 2009). There was an ac-
companying 7-fold increase in the number of published

late-phase randomized controlled trials (RCTs) to prevent
STIs and HIV infection undertaken annually between 1990
and 2004. In recognition of the need to standardize reporting
of RCT results, the Consolidated Standards of Reporting
Trials (CONSORT) statement was published in 1996 (1).
The following year, the Food and Drug Administration
Modernization Act of 1997 (2) directed the National Insti-
tutes of Health to create a publicly available clearinghouse
for information on clinical trials to provide patients, clini-
cians, and scientists with information about new and ongo-
ing clinical trials and to accelerate the dissemination of
results to the public. This clearinghouse, www.Clinical-
Trials.gov, was launched in 2000 and today provides freely
accessible, standardized information regarding more than
80,000 trials in 170 countries around the world (3).
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Clearly, the increased institutional and public support for
intervention research has driven major advances in STI pre-
vention, the need for which is echoed by a growing emphasis
on the elimination of health disparities so inherent in the
epidemiology of STIs (4). Despite these advances, the need
for effective STI prevention interventions remains acute.
However, RCTs, which are considered the ‘‘gold standard’’
to demonstrate intervention efficacy and estimate its magni-
tude, are increasingly costly undertakings in terms of time
and money. This is particularly true for RCTs of preventive
interventions because, in contrast to therapeutic interven-
tions, even in high-risk populations, disease exposure cannot
be guaranteed. Thus, generally large numbers of participants
must be enrolled and followed for extended periods of time.

To optimize future STI prevention research efforts, we
looked to the past for lessons learned. In this review, we
sought to systematically summarize the results of all pub-
lished STI prevention RCTs. We highlighted the range and
diversity of prevention interventions that have been evalu-
ated, qualitatively compared the effectiveness of these in-
terventions both within and between broadly defined
categories of intervention modalities, and identified inter-
vention and trial design characteristics that were associated
with significant intervention effects.

MATERIALS AND METHODS

Search methodology

We conducted a systematic review of all late-phase (IIb or
III) RCTs of interventions to prevent sexual transmission or
acquisition of STIs other than HIV, published in the English-
language, peer-reviewed literature through December 2009.
For studies published through 2003, we reevaluated and
considered for inclusion the 42 RCTs evaluated by Manhart
and Holmes (5). We performed a new search to identify
studies published in the peer-reviewed literature between
January 2004 and December 2009. To do so, we searched
PubMed using the following terms: ‘‘randomized, rando-
mised, or controlled trial’’ plus ‘‘STD,’’ ‘‘STI,’’ ‘‘Neisseria
gonorrhoeae,’’ ‘‘gonorrhea,’’ ‘‘Chlamydia trachomatis,’’
‘‘chlamydia,’’ ‘‘Trichomonas vaginalis,’’ ‘‘trichomonas,’’
‘‘Treponema pallidum,’’ ‘‘syphilis,’’ ‘‘herpes simplex vi-
rus,’’ ‘‘genital HSV,’’ ‘‘human papillomavirus,’’ ‘‘HPV,’’
‘‘Haemophilus ducreyi,’’ or ‘‘chancroid.’’

One author (C. M. W.) screened the titles of all reports
captured by the search and eliminated those that were
clearly either unrelated topically (e.g., trials to reduce car-
diovascular disease risks) or observational in nature (e.g.,
cross-sectional studies of STI risk factors). Abstracts of the
remaining reports were independently evaluated by all 3
authors to determine relevance for the present review. Re-
ports deemed irrelevant by unanimous agreement were ex-
cluded. Full texts of the remaining papers, including those
evaluated previously by Manhart and Holmes (5), were as-
sessed by all authors to determine final inclusion.

Inclusion and exclusion criteria

We included studies that evaluated the effectiveness of
interventions to prevent the transmission or acquisition of

prospectively evaluated, laboratory-confirmed STIs with
a controlled design, using randomized assignment to the
intervention or control condition. We excluded trials with
HIVas the only endpoint and those designed to prevent STI-
related pregnancy, puerperal and neonatal morbidity, or
other STI-related complications. Thus, 3 trials included in
the previous review (5) were excluded here (6–8). A fourth
trial that was presented at a scientific conference but not
subsequently published in the intervening 6 years was also
excluded (9).

Data extraction

From all included papers, we extracted bibliographic in-
formation, contextual information (e.g., study years, geo-
graphic settings, target populations), descriptions of the
intervention and control conditions, and the level at which
randomization occurred (i.e., individuals, groups, or com-
munities). (This information is described in Web Table 1
posted on the Journal’s website (http://aje.oxfordjournals.
org/).) We categorized the interventions into the following 8
types: 1) behavioral interventions, 2) physical barrier
methods, 3) vaginal microbicides, 4) male circumcision,
5) partner services, 6) treatment, 7) vaccines and passive
immunization, and 8) multicomponent interventions. To fa-
cilitate comparisons between categories of intervention mo-
dalities, we tallied the number of each that demonstrated
positive, adverse, and no effects on STI risk. We extracted
the measure of effect of each intervention on the incidence
or prevalence of laboratory-documented STIs, noting the
sample size included in each analysis (rather than the total
number enrolled, which was only extracted if the sample
size analyzed was not provided in the paper and could not
be enumerated) (Web Table 1). When multiple intervention
effect estimates were presented, we presented adjusted
rather than crude estimates. We also selected estimates
based on intention-to-treat analyses rather than per-protocol
analyses. When STI outcomes were assessed at multiple
time points, we abstracted data reflecting the last available
time point.

Many trials assessed infection with multiple STI patho-
gens at follow-up and frequently reported several STI-
specific effect estimates in addition to a single overall
estimate based on a composite STI outcome. We abstracted
the overall measure of effect when these data were available
and not different from the individual STI-specific estimates.
Although clinically and laboratory-confirmed complications
such as pelvic inflammatory disease, genital herpes disease,
and human papillomavirus (HPV)-related external anogen-
ital, vaginal, or cervical lesions are also important end-
points, the focus of this review was on interventions
designed to prevent infection with STI pathogens, rather
than STI-related complications. Therefore, we assessed only
laboratory-confirmed infection.

Finally, we abstracted subgroup-specific effect estimates
only when prespecified subgroup analyses identified statis-
tically significant effects that overall analyses did not reveal.
Using reported incidence or prevalence data and STATA,
version 10.0, statistical software (StataCorp LP, College
Station, Texas), we calculated point estimates and 95%
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confidence intervals when not calculated by the authors, and
necessary data were presented in the text. We also converted
reported vaccine efficacy estimates to incidence rate ratios
using a standard formula to further facilitate comparison
among studies (incidence rate ratio ¼ 1 – [vaccine effi-
cacy/100%]) (10). On the basis of the abstracted or calcu-
lated measures of effect, we rated each intervention as
having a positive, adverse, or no effect on infection with
STI pathogens. The last of these (no effect) we termed
‘‘flat’’ RCTs.

Quality assessment

To assess the quality of the trials, we extracted or calcu-
lated follow-up rates (defined as the proportion of enrolled
subjects included in the analysis of effect) and adherence to
the assigned intervention or control conditions. We also
noted if STI risk behaviors in the intervention and control
arms decreased during the study, compared with behaviors
reported at baseline, assessing reports of unprotected inter-
course, numbers of partners in a specified interval, and non-
monogamy. For this qualitative assessment, changes in STI
risk did not need to be statistically significant. For studies
that involved more than a single follow-up assessment of
STI point prevalence, we noted whether the analysis took
into account the potential for differential person-time or
STI testing frequency. For example, we noted if the per-
son-time contributed was incorporated into the analysis by
calculating incidence rates or using survival analysis
methods, whether correlated data methods such as general-
ized estimating equations were used when appropriate, and
whether testing frequency was factored into the analysis to
account for differences in opportunity to detect STI
outcomes.

RESULTS

Ninety-three papers reporting data from 74 randomized
controlled trials evaluating 75 interventions to prevent STIs
were identified (11–103) (Figure 1). Behavioral interven-
tions were the most common intervention modality, with
27 (36%) of the 75 interventions falling into this category
(Table 1). Trials of vaginal microbicides and vaccines were
the next most common, with 12 (16%) reports apiece. Eight
(11%) trials evaluated treatment to prevent STI acquisition
or transmission, while 7 (9%) evaluated partner services.
The effects of physical barrier methods (i.e., diaphragms,
female condoms, or choices of male condoms) and male
circumcision in preventing STIs were evaluated in 4 (5%)
RCTs each, and 1 published trial evaluated a multicompo-
nent intervention. Overall, 44 of the 75 interventions (59%)
significantly reduced risk of infection with at least 1 STI
pathogen. Only 4 (5%) interventions were associated with
increased risk of STIs (17, 53, 54, 103), 1 of which increased
STI risk only among a subgroup of male study participants
but not overall (17).

Behavioral interventions

Two-thirds of the 27 published RCTs of behavioral in-
terventions (11–30, 32–40) demonstrated significant effects,

with 17 (63%) showing positive results and 1 showing in-
creased risk for STIs in subgroup analyses (Table 1). All
behavioral interventions included risk reduction counseling,
and slightly more than half (56%) included a skills-building
component (e.g., condom use, negotiation, or communica-
tion skills). Several trials implemented computerized risk
reduction counseling; 3 incorporated condom provision,
and 2 used videos. Only 1 trial tested motivational inter-
viewing. Two additional trials were recently completed
but publication is pending: the Project Eban trial, an inter-
vention for HIV-serodiscordant African-American couples
(104), and the Community Popular Opinion Leaders (C-
POL) trial (105).

There was a wide range of effect estimates for the positive
trials (9%–83% reduction in risk). The greatest effect was
against a combined endpoint of gonorrhea and/or chlamyd-
ial infection (48%–83% reduction). Protection against her-
pes simplex virus type 2 (HSV-2) was somewhat lower
(33%–35%), but only 2 studies reported on this; combina-
tion endpoints of several STIs had the broadest range of
effect (9%–68% reduction). Only 1 behavioral intervention
was associated with increased risk of STIs: Men in the Pro-
ject RESPECT-2 trial who received risk reduction counsel-
ing with rapid HIV testing were more likely to acquire
gonorrhea, chlamydia, or trichomoniasis than men who re-
ceived risk reduction counseling accompanied by standard
HIV testing (17).

Although only half of the behavioral interventions (52%)
were delivered in small-group settings, they were more often
successful than interventions delivered one-on-one (79% vs.
42%), and interventions that included skills building were
more often effective than those that did not (73% vs. 50%).
In most behavioral trials (67%), the control group received
some type of risk reduction counseling, and those in which
the comparison group received risk reduction counseling
were less often effective than trials where the comparison
group received only general health promotion (50% vs.
89%). Only 5 of the behavioral trials were conducted in
settings outside the United States (21, 24, 30, 34, 35).

High follow-up and adherence rates were strongly corre-
lated with efficacy in the behavioral RCTs. Of the 17 trials
yielding positive results, 13 had follow-up rates of �75%,
and 12 had adherence rates of similar magnitude. In con-
trast, of the 11 flat behavioral RCTs, follow-up and adher-
ence rates of <75% were common (Table 2). Risk-taking
behavior decreased in most trials and in both arms when
control-arm risk behavior was reported. The notable excep-
tion was the Stepping Stones program, where risk behavior
did not change in either arm. Despite this, the trial showed
a significant decrease in HSV-2 incidence. The follow-up
time varied (often 6–12 months), and none of the behavioral
trials assessed sustainability of behavior change. The use of
analyses accounting for differential person-time or testing
frequency increased over time and was incorporated in the
majority of studies (12 of 17 studies or 71%).

Physical barrier methods

None of the 4 RCTs of physical barrier methods demon-
strated reduced risk of STI acquisition, when compared with

Randomized Trials of STI Prevention Interventions 123

Epidemiol Rev 2010;32:121–136



use of standard male condoms with or without risk reduction
information and education (41–45). All of these trials were
conducted in low- and middle-income countries, and the
follow-up rates were good (75%–98%) (Table 2). However,
reported adherence rates and metrics for assessing adher-
ence varied widely across studies. Uptake of female con-
doms, in particular, was low; only 7% of Kenyan women
reported ‘‘consistent’’ use (42), and Thai sex workers
reported using them for just 12% of sex acts (41). Self-

reported adherence to diaphragms and male condom
interventions was higher: 51% of Zimbabwean women ran-
domized to use diaphragms (45) and 56% of Jamaican men
randomized to a choice of male condoms (43) reported al-
ways using these methods. Overall, participants in each arm
of these 4 trials reported similar rates of any physical barrier
method use; male condoms (provided in both arms of these
trials) were the most frequently used form of physical bar-
rier protection.

Abstracts excluded 
(n = 100)

- No STI outcome data 
o Efficacy data not reported (n = 28) 
o Only behavioral outcomes (n = 14) 
o Only HIV outcomes (n = 8)

- Early phase or treatment RCT (n = 23)
- Observational study design (n = 14)
- Methodological analysis or commentary 

based on RCT data (n = 9)
- Other nonrandomized study design (i.e., 

modeling, simulation, or validation study)
(n = 4)

Articles included in 
qualitative synthesis

(n = 93)

Records identified through 
database searching 

January 2004–December 2009 
(n = 813) 

Additional records 
 evaluated in previous review

(n = 46) 

Records screened after duplicates removed 
(n = 855) 

Full-text articles excluded 
(n = 51) 

- No STI outcome data 
o Efficacy data not reported (n = 10) 
o Only behavioral outcomes (n = 17) 
o Only HIV outcomes (n = 3)

- Secondary analysis of previously
reported RCT data (n = 5)

- Early phase or treatment RCT (n = 6)
- Observational study design (n = 6)
- Methodological analysis or commentary 

based on RCT data (n = 3)
- RCT presented at conference but not

subsequently published (n = 1)

Abstracts assessed for 
eligibility 
(n = 244)

Full-text articles assessed 
for eligibility 

(n = 144) 

Figure 1. Selection of studies included in this systematic review. The 46 additional records evaluated in previous review were from the article
by Manhart and Holmes (J Infect Dis. 2005;191(suppl 1):S7–S24 (5)). HIV, human immunodeficiency virus; RCT, randomized controlled trial; STI,
sexually transmitted infection.
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Vaginal microbicides

Results of microbicide trials to prevent STIs other than
HIV have been mixed. Ten trials of nonoxynol-9 have been
reported, testing various dosages and formulations (46–55).
Each trial assessed the impact on gonococcal infection, with
3 demonstrating marked reductions in risk (74% and 60%
among female sex workers in Thailand (48) and Kenya (51),
respectively, and 25% among female sexually transmitted
disease (STD) clinic attendees in the United States (49)).
Despite these early successes, 2 subsequent trials of
nonoxynol-9 gel demonstrated significant 50%–80% in-
creases in risk of gonococcal infections (53, 54). Of the
remaining 5 nonoxynol-9 trials, 1 demonstrated a nonsignif-
icant 25% reduction in risk of gonorrhea and/or chlamydia
while, among women using the vaginal insert for >75% of
coital acts, risk was reduced by 40% (50). Two additional
studies suggested small, nonsignificant increases in risk (52,
55), and 2 yielded flat results with respect to preventing
gonococcal infection (46, 47). Seven trials evaluated the
impact of nonoxynol-9 on C. trachomatis infection alone;
only 1 trial among female STD clinic attendees in the
United States demonstrated a statistically significant reduc-
tion in risk (21%) (49). The impact of nonoxynol-9 on risk
of T. vaginalis or T. pallidum infection was assessed in only
1 study, with no effect demonstrated (53).

In addition to this equivocal evidence of efficacy, in sev-
eral trials, women assigned to nonoxynol-9 experienced
symptoms of genital irritation, lesions, or ulcers more fre-
quently than did women in the control arm (50–52). More-
over, increases in risk of HIV acquisition were observed
among nonoxynol-9 users in 2 RCTs (51, 55). Risk of STI
acquisition and occurrence of adverse events were not cor-

related with nonoxynol-9 dosages and concentrations. Mode
of nonoxynol-9 delivery also had little effect, although both
trials of nonoxynol-9 sponges demonstrated significant pro-
tection against STIs.

More recently, 2 trials of cellulose sulfate gel were com-
pleted (56, 57), both yielding flat results. Despite a trend
toward reduced risk of chlamydial infection in 1 study and
reduced risk of gonorrhea and/or chlamydia in the other by
20%–30%, both studies were stopped early after a margin-
ally significant increase in risk of HIV was noted in 1 trial
(56). Two additional products, BufferGel (ReProtect, Inc.,
Baltimore, Maryland) and PRO 2000 Gel (Endo Pharmaceu-
ticals, Inc., Newark, New Jersey), were recently evaluated in
a 4-arm RCT (compared with placebo gel or normal behav-
ior) among 3,000 women in the United States and Africa.
Although results from this trial have not yet been published,
investigators reported no impact on gonorrhea, chlamydia,
trichomoniasis, syphilis, or HSV-2 (106). PRO 2000 Gel STI
efficacy data from the Microbicides Development Pro-
gramme 301 trial are pending (107).

Overall, significant protective effects of vaginal micro-
bicides were more likely to be detected when male condoms
were not provided to women in the control arm. Significant
protective effects were observed in only 1 of the 8 trials in
which male condoms were provided to all study participants
(51), compared with 2 of the 4 trials that did not provide
male condoms in the comparison arm (46–49).

Follow-up rates in the microbicide trials that detected
significant effects were generally better than those in the
flat trials (Table 2). Both trials detecting significant in-
creases in the risk of gonorrhea achieved extremely high
follow-up rates (94%–99%) (53, 54); follow-up ranged be-
tween 78% and 84% in trials that demonstrated significant

Table 1. Results of 74 Randomized Controlled Trials Evaluating 75 Interventions to Prevent Sexually Transmitted

Infections

Type of Intervention

STI Prevention Effectivenessa

Total, no.Positive Effect
on STI Risk

Adverse Effect
on STI Risk

No Effect
on STI Risk

No. % No. % No. %

Behavioral interventions 17 63 1b 6 9 33 27

Physical barrier methods 4 100 4

Vaginal microbicides 3 25 2 17 7 58 12

Male circumcision 3 75 1 25 4

Partner services 4 57 3 43 7

Treatment 7 88 1 13 8

Vaccines and passive immunization 10 83 2 17 12

Multicomponent interventions 1 100 1

Total 44 59 4b 5 27 36 75

Abbreviation: STI, sexually transmitted infection.
a Positive effect: intervention significantly reduced the risk of laboratory-confirmed STI in the intervention arm

compared with the control arm; adverse effect: intervention significantly increased the risk of laboratory-confirmed

STI in the intervention arm compared with the control arm; no effect: intervention showed no significant effect (positive

or adverse) and, thus, the null hypothesis could not be rejected. Row percentages are displayed.
b A statistically significant adverse effect for a behavioral intervention was reported among a subgroup of 1,783

men, but there was no effect overall (Sex TransmDis. 2005;32(2):130–138 (17)). Results for this trial are tallied under

adverse effect only.
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Table 2. Characteristics of 74 Randomized Controlled Trials Evaluating 75 STI Prevention Interventions

First Author, Year
(Reference No.)

Follow-up
Rate, %a

Adherence, %b

Decreased
Risk-taking

Behavior During
the Studyc

Accounting by
Analysis for
Differential
Person-Time
or Testing
Frequency

Effect on
STI Riskd

Intervention Control Intervention Control

Behavioral Interventions

Boyer, 1997 (11) 72 48 NR Yes Yes No No effect

Branson, 1998 (12) 72 47e NR Yes Yes No No effect

NIMH Multisite HIV Prevention
Trial Group, 1998 (13)

70 63f NR Yes Yes NA No effect

Kamb, 1998 (14) and Gottlieb,
2004 (15)

81 85 85 Yes Yes Yes Positive

Metcalf, 2005 (16) 69 68 73 Transient NR NR No effect

Metcalf, 2005 (17) 87 99 69 Transient NR Yes Adverse

Shain, 1999 (18) and 2002 (19) 89 75 NR Yes Yes No Positive

Shain, 2004 (20) >90 86g NR NR NR Yes Positive

VCT Efficacy Study Group,
2000 (21)

73 NR NR Yes Yes NA No effect

Hobfoll, 2002 (22) 77 NR NR Yes Yes NA Positive

Baker, 2003 (23) 73 NR NR Yes Yes No No effect

Kamali, 2003 (24) >70 NR NR Yes Yes Yes Positive

DiClemente, 2004 (25) 90 95 94 Yes Yes Yes Positive

Wingood, 2004 (26) 93 95 98 Yes Yes Yes Positive

Downs, 2004 (27) 86 NR NR Yes Yes NA No effect

Artz, 2005 (28) 84 NR 100 Yes Yes Yes No effect

Boyer, 2005 (29) 38 85 86 NR NR Yes Positive

Feldblum, 2005 (30) 90 NR NR Yes Yes NA Positive

Jemmott, 2005 (32) 82 100 100 Yes No NA Positive

Jemmott, 2007 (33) 85 100 100 Yes Yes Yes Positive

Jewkes, 2008 (34) 80 No No Yes Positive

Men 61h 68h

Women 59h 64h

Patterson, 2008 (35) 82 100 100 Yes Yes NA Positive

Peipert, 2008 (36) 93 NR 100 NR NR Yes Positive

Warner, 2008 (37) NA 76i 100i NR NR Yes Positive

Crosby, 2009 (38) 100 100 100 Yes Yes No Positive

Grimley, 2009 (39) 66 100 100 Yes Yes NA Positive

Marion, 2009 (40) 53 48 58 Yes Yes Yes Positive

Physical Barrier Methods

Fontanet, 1998 (41) 92 NR NR Yes No effect

Female condoms 12j

Male or female condoms 97j 98j

Feldblum, 2001 (42) 91 Yes Yes NA No effect

Female condoms 7k

Male condoms 22k 24k

Steiner, 2006 (43) 86 56l 54l Yes Yes Yes No effect

Ramjee, 2008 (44) and
Sawaya, 2008 (45)

98 NR NR Yes No effect

Diaphragm/gel 51m

Male condoms 77m 87m

Table continues
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Table 2. Continued

First Author, Year
(Reference No.)

Follow-up
Rate, %a

Adherence, %b

Decreased
Risk-taking

Behavior During
the Studyc

Accounting by
Analysis for
Differential
Person-Time
or Testing
Frequency

Effect on
STI Riskd

Intervention Control Intervention Control

Vaginal Microbicides

Cutler, 1977 (46) 43 NR NR NR NR Yes No effect

Rendon, 1980 (47) 56 NR NR NR NR Yes No effect

Rosenberg, 1987 (48) NR NR NR NR NR Yes Positive

Louv, 1988 (49) 78 NR NR NR NR Yes Positive

Niruthisard, 1992 (50) 76 47n 48n NR NR Yes No effect

Kreiss, 1992 (51) 84 81o 90o Yes Yes Yes Positive

Roddy, 1998 (52) 91 87p 84p Yes Yes Yes No effect

Richardson, 2001 (53) 94 75o 80o NR NR Yes Adverse

Roddy, 2002 (54) 99 76p NA No No Yes Adverse

Van Damme, 2002 (55) 86 82p 82p NR NR Yes No effect

Van Damme, 2008 (56) 98 87p 87p NR NR Yes No effect

Halpern, 2008 (57) 70 76q 80q Yes Yes Yes No effect

Male Circumcision

Mattson, 2008 (58) and
Mehta, 2009 (59)

95 NA NA Yes Yes Yes No effect

Sobngwi-Tambekou, 2009 (60)
and Auvert, 2009 (61)

NR NA NA NR NR NA Positive

Tobian, 2009 (62) 92 NA NA No No Yes Positive

Gray, 2009 (63) 95 NA NA Yes Yes NA Positive

Partner Services

Lyng, 1981 (64) 89 NR NR NR NR NA Positive

Schillinger, 2003 (65) 81 NR NR No No effect

Patients with 1 partner 82r 75r

Patients with >1 partner 47r 25r

Golden, 2005 (66) 68 61s 49s NR NR NA Positive

Kissinger, 2005 (67) 30 70t 49t NR NR NA Positive

Kissinger, 2006 (68) 81 82t 88t NR NR NA No effect

Cameron, 2009 (69) 65 32u 34u NR NR Yes No effect

Wilson, 2009 (70) 86 NR NR Yes Yes NA Positive

Treatment

Harrison, 1979 (71) 75 100 100 NR NR NA Positive

Wawer, 1999 (72) 77 >90v >90v Yes Yes NA Positive

Kaul, 2004 (73) 89 92w 92w Yes Yes Yes Positive

McClelland, 2008 (74) 98 92x 92x NR NR Yes No effect

Schwebke, 2007 (75) 85 NR NR NR NR Yes Positive

Corey, 2004 (76) 78 70y 70y NR NR Yes Positive

Mayaud 1997 (78) 71 NR NR No No NA Positive

Kamali, 2003 (24) >70 NR NR Yes Yes Yes Positive

Vaccines and Passive Immunization

Szmuness, 1981 (80) >85 95 92 NR NR Yes Positive

Francis, 1982 (81) >84 87 84 NR NR Yes Positive

Coutinho, 1983 (82) 96 97 98 NR NR Yes Positive

Table continues
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Table 2. Continued

First Author, Year
(Reference No.)

Follow-up
Rate, %a

Adherence, %b

Decreased
Risk-taking

Behavior During
the Studyc

Accounting by
Analysis for
Differential
Person-Time
or Testing
Frequency

Effect on
STI Riskd

Intervention Control Intervention Control

Piazza, 1997 (83) 98 100 100 NR NR Yes Positive

Corey, 1999 (84) NR 76 78 Yes Yes Yes No effect

Stanberry, 2002 (85) >81 91 91 NR NR Yes No effect

Koutsky, 2002 (86) 81 NR NR NR NR Yes Positive

Harper, 2006 (88) 85 93 93 NR NR Yes Positive

Paavonen, 2009 (91) >90 92 92 NR NR Yes Positive

Villa, 2006 (93) 98 92 95 NR NR Yes Positive

Munoz, 2009 (100) >96 97 97 NR NR Yes Positive

Wheeler, 2009 (101) 97 97 97 NR NR Yes Positive

Multicomponent Interventions

Ross, 2007 (103) 73 NR NR Yes NR NA Adverse

Abbreviations: HIV, human immunodeficiency virus; HPV, human papillomavirus; NA, not applicable; NIMH, National Institute of Mental Health;

NR, not reported; PDPT, patient-delivered partner therapy; STI, sexually transmitted infection; VCT, Voluntary HIV-1 Counselling and Testing.
a The ‘‘follow-up rate’’ refers to the proportion of enrolled subjects included in the analysis of effect, except for 2 studies that included all

randomized subjects in the analysis of effect, irrespective of attendance at study visits (16, 17), and 1 study that evaluated gonorrhea and

chlamydia among 98% of randomized subjects, while new-type HPV was evaluated among 75% of subjects from Zimbabwe (45).
b For behavioral interventions, ‘‘adherence’’ refers to attendance at all intervention sessions, unless otherwise noted. For vaccine studies,

‘‘adherence’’ refers to receiving all required doses, unless otherwise noted.
c Compared with behaviors reported at baseline. The behaviors assessed included reports of the following: not being abstinent, having un-

protected intercourse (anal or vaginal), inconsistent condom use or no condom use at last sex, greater condom failure rates, greater number of

partners in an interval, nonmonogamy, and douching after sex. Change not necessarily statistically significant.
d Positive effect: intervention significantly reduced the risk of �1 laboratory-confirmed STIs in the intervention arm compared with the control

arm; adverse effect: intervention significantly increased the risk of �1 laboratory-confirmed STIs in the intervention arm compared with the control

arm; no effect: intervention showed no significant effect (positive or adverse) and, thus, the null hypothesis could not be rejected.
e Attended 4 or 5 intervention sessions (of 5 total).
f Attended 6 or 7 intervention sessions (of 7 total).
g The proportion attending all 3 scheduled risk reduction counseling sessions; only 37% attended any of the 5 optional monthly support group

sessions.
h The proportion of men and women attending �75% of the 17 intervention sessions or completing the single control session.
i The proportion in the intervention arm who reported viewing ‘‘most’’ or ‘‘all’’ of the intervention video and identifying at least of 1 of 5 target

prevention messages; all individuals in the control arm experienced the ‘‘standard’’ waiting room environment.
j The proportion of sex acts involving female condoms or involving male or female condoms.
k The proportion of women reporting ‘‘consistent’’ use of female or male condoms.
l The proportion of men reporting always using male condoms during the study.

m The proportion who reported 100% diaphragm/gel use or using male condoms at least two-thirds of the time.
n The proportion who were ‘‘ >75% compliant.’’
o The number of days that the assigned product was used divided by the total number of days that intercourse was reported.
p The number of sex acts that the assigned product was used (with or without a condom) divided by the total number of sex acts reported.
q The number of vaginal sex acts that the gel was used divided by the total number of vaginal sex acts reported at month 12.
r The proportion of patients who reported that their partner was treated among those with only 1 partner, or who reported that all partners were

treated among those with >1 partner.
s The proportion with ‘‘all partners ‘very likely’ to have been treated.’’
t The proportion of patients successfully reinterviewed who reported giving PDPT to partner (intervention arm) or told partner to get treated

(control arm).
u The proportion of total partners tested and/or treated based on the number of PDPT slips returned (intervention arm) or verification in clinic and

laboratory databases (control arm).
v The proportion of enrolled residents who received treatment, calculated overall and not by study arm.
w The proportion who received monthly directly observed therapy within 2 weeks of the scheduled follow-up visit; the adherence rate was

calculated overall and not by study arm.
x The proportion who received monthly directly observed therapy within 2 weeks of the scheduled follow-up visit.
y The proportion who reported taking at least 95% of the prescribed doses, calculated overall and not by study arm.
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reductions in STI risk (49, 51), while flat trials reported
43%–98% follow-up (median, 76%). Adherence rates (typ-
ically reported as the proportion of sex acts or sexually
active days during which a woman used the product) ranged
between 47% and 87% for the 8 trials that reported this
information (50–57) but were not reported for 2 of the 3
trials that demonstrated statistically significant reductions in
STI risk. Only 2 of the published vaginal microbicide trials
were conducted among women in the United States; more
than half of the international trials targeted female sex
workers.

Male circumcision

Four trials have evaluated male circumcision as an STI
prevention intervention; 3 evaluated STI endpoints among
male subjects randomized to either immediate or delayed
circumcision (58–62). The fourth assessed the impact of STI
risk among wives of men randomized to the procedure (63).
Male circumcision appears to provide significant protection
against viral STIs. In addition to the 50%–60% reduction in
HIV acquisition consistently demonstrated (108–110), HPV
prevalence was reduced by about one-third (61, 62), and
HSV-2 incidence was reduced by 28% (62) in the trials that
assessed these endpoints.

The impact of male circumcision on curable STIs was
mixed. Circumcision reduced T. vaginalis acquisition by
almost half among wives of men who were circumcised in
Uganda (63) and among circumcised men, themselves, in
South Africa (60), although the latter was of borderline
significance. However, prevention of T. vaginalis infection
was not demonstrated among circumcised men in the Ken-
yan RCT (58, 59). Mixed results were also observed for
chlamydial infection. Although a borderline significant re-
duction in chlamydia of >40% was observed among cir-
cumcised men in South Africa (60), the procedure did not
protect men in the Kenyan RCT (58, 59). Neither trial that
assessed gonorrhea observed a protective effect of circum-
cision (58–60), nor did the 1 trial that reported syphilis re-
sults (62), which had limited power to evaluate this endpoint
(111).

The male circumcision trials were all conducted in sub-
Saharan Africa and were powered primarily to evaluate the
efficacy of the procedure in preventing HIV. Follow-up rates
were over 90% in the 3 trials that reported this information,
and adherence was not an issue for this surgical intervention
(Table 2).

Partner services

Efforts to reduce risk of STI reinfection by facilitating
partner treatment or referral have been successful in indus-
trialized countries, where all 7 trials of partner services were
conducted. Six RCTs evaluated patient-delivered partner
therapy (PDPT) (64–69), with half demonstrating statisti-
cally significant protective effects against reinfection of the
index patient. Two of these trials demonstrated 25%–62%
reductions in gonorrhea and/or chlamydia reinfection (66,
67). Although follow-up rates in these successful trials were

<70% (Table 2), raising the possibility of bias due to dif-
ferential losses to follow-up, this strategy clearly resulted in
marked decreases in risk of STI reinfection among persons
committed to the process. The 79% reduction in risk of
trichomoniasis reinfection among Danish women is also
noteworthy (64) because standard partner notification is typ-
ically not done in US STD clinics when T. vaginalis is
detected. A more recent PDPT trial to prevent reinfection
with T. vaginalis among women attending US STD clinics
did not demonstrate a significant benefit, even though re-
ported follow-up rates and intervention adherence were high
(81% and 82%, respectively) (68).

One PDPT trial to prevent chlamydia reinfection among
young women in the United States yielded a marginally
significant reduction in risk (20%) (65), whereas another
among young women in the United Kingdom did not (69).
These disparate findings might be explained, in part, by
differences in study populations and/or follow-up or adher-
ence rates, which were somewhat lower in the United King-
dom study (65% and 32%, respectively) (69). The extent to
which the impact of PDPT is reproducible in low- or middle-
income countries has not yet been evaluated.

Finally, Wilson et al. (70) evaluated a program to enhance
the partner notification skills of the index patient. This in-
tervention resulted in a 53% decrease in risk of gonorrhea
and/or chlamydia reinfection among index patients, consis-
tent with results of the successful PDPT trials.

Adherence metrics and rates ranged widely for these tri-
als. However, overall, adherence in the intervention arms
was relatively lower than in other types of interventions
but similar to adherence to standard patient-based, partner-
referral methods. Notably, women comprised the index pa-
tient group in the 3 partner services RCTs that yielded flat
results. In contrast, only 1 of the successful trials enrolled
women exclusively, 1 enrolled men, and 2 enrolled both
men and women, suggesting that women with STIs detected
may have more difficulty convincing their male sex partners
to take treatment.

Treatment

STI treatment is highly effective in the prevention of
secondary infection. All but 1 (74) of the 8 published RCTs
of a variety of STI treatment strategies to prevent STI trans-
mission or acquisition demonstrated statistically significant
reductions in prevalence or incidence (24, 71–78). Half of
the trials evaluated periodic presumptive treatment (72–75),
2 examined enhanced syndromic management (24, 77, 78),
and 1 tested postexposure prophylaxis (71) to prevent cur-
able STIs. One additional trial investigated the efficacy of
suppressive therapy to prevent HSV-2 transmission in dis-
cordant couples (76).

These treatment approaches resulted in 30%–60% reduc-
tions in risk of curable STIs and 50% reduction in herpes
risk. Gonorrhea incidence fell >50% with periodic pre-
sumptive treatment, syndromic management, and postexpo-
sure prophylaxis in 3 of the 4 trials that evaluated this
outcome (24, 71, 73). Chlamydia incidence declined
>60% in 1 trial of periodic presumptive treatment among
female sex workers (73) but was not reduced significantly in
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another RCT using this strategy (72) or with syndromic
management (24). Periodic presumptive treatment consis-
tently lowered the incidence of trichomoniasis by 40%–45%
in all 3 of the trials reporting on this endpoint (72–74), but
this was not statistically significant in one RCT (74), possi-
bly because of monthly screening and treatment for gonor-
rhea, cervicitis, and trichomoniasis among women in both
study arms. Indeed, this was the only trial in this category
that did not demonstrate efficacy in preventing any STI.
Treatment also reduced risk of genital ulcer disease. Active
syphilis declined 20%–40% in both of the syndromic man-
agement trials (24, 77, 78) and in 1 of the 2 periodic pre-
sumptive treatment trials (72) that evaluated this outcome.
The other periodic presumptive treatment trial (73) used
a regimen that would not be expected to be effective treat-
ment for syphilis (1 g of azithromycin). Suppressive therapy
for herpes halved HSV-2 transmission in discordant couples
(76). Finally, in the only RCT conducted in the United
States, among women with asymptomatic bacterial vagino-
sis, metronidazole followed by periodic presumptive treat-
ment resulted in a 30% reduction in incidence of gonorrhea,
chlamydia, trichomoniasis, pelvic inflammatory disease,
and/or HSV-2 (75).

Each of these trials achieved high follow-up rates
(>70%), and adherence was >80% in 4 of the 5 RCTs
reporting these rates (Table 2). Risk behaviors decreased
in the control groups of 3 of the 4 trials that provided these
data.

Vaccines and passive immunization

As for other infectious diseases, vaccines for STIs are one
of the most effective preventive interventions available. To
date, active and passive immunization approaches for 4 non-
HIV STIs have been evaluated in late-phase trials. All of the
published RCTs of vaccines to prevent hepatitis B and HPV
have demonstrated strong, significant, and sustained protec-
tive effects (>80% reduction in new infections) (79–82, 86–
93, 100, 101). Both the bivalent and quadrivalent HPV
vaccines also appear to confer significant cross-protection
against infection with selected nonvaccine, oncogenic HPV
types (91, 101). Bimonthly administration of polyvalent
hepatitis C immune serum globulin provided significant pro-
tection in discordant couples (83). In contrast, neither of the
2 candidate HSV-2 vaccines evaluated to date conferred
significant protection against infection among high-risk
adults, including partners of HSV-2-positive individuals
(84) or among HSV-2-negative adults with or without his-
tory of HSV-1 (85). However, the glycoprotein D subunit
HSV-2 vaccine significantly reduced development of genital
herpes disease almost 75% among subgroups of women who
were seronegative for HSV-1 and HSV-2 at enrollment and
seroconverted (85). A similar effect was not observed
among HSV-1 and HSV-2 naı̈ve men. The HPV vaccines
have also demonstrated significant protection against dis-
ease endpoints including >95% reduction in external ano-
genital lesions (e.g., condyloma) (94, 96, 98), cervical
intraepithelial neoplasia (88, 91, 94–96, 98, 101, 102), cer-
vical adenocarcinomas in situ (96, 98, 101, 102), vulvar
intraepithelial neoplasia (97, 98), and vaginal intraepithelial

neoplasia (97, 98). These 12 RCTs, the majority of which
were conducted in the United States and other high-income
countries, consistently achieved among the highest follow-
up (>80%) and adherence (>75%) rates of all of the STI
RCTs published to date (Table 2). Although all reported
analysis methods that accounted for differential person-time
or testing frequency, only 1 trial (84) provided information
on changes in risk behaviors (risk behaviors were reduced in
the control and intervention arms).

Multicomponent interventions

Multicomponent STI prevention trials evaluate the joint
effects of several prevention interventions. To date, only 1
such trial including STI outcomes has been published, al-
though 2 other trials have recently been completed. In Tan-
zania, MEMA kwa Vijana (‘‘Good Things for Young
People,’’ an adolescent sexual and reproductive health pro-
gram working in schools, health facilities, and communities
in the Mwanza Region) compared a 4-component interven-
tion (provision of peer risk reduction counseling, youth-
friendly clinical STI services, family planning, and STI case
management) with a 2-component intervention (provision
of family planning and STI case management) (103). There
were no reductions in STIs and, in fact, an increase in gon-
orrhea risk for adolescent girls, concentrated among those
who received only 1 year of the intervention. The number of
adolescent boys testing positive for gonorrhea was too small
for reliable estimates, and adjusted data were not presented.
Results from the Regai Dzive Shiri Project in Zimbabwe
and those from the PREVEN trial in Peru are pending
(112, 113).

DISCUSSION

In the past 30 years, data evaluating 75 STI prevention
interventions have been published in the peer-reviewed lit-
erature, with >75% emerging in the last decade. In the 6
years since the last review (5), 33 new trials have been
published, and the results of several more are currently un-
der review. Almost 60% of all STI prevention RCTs dem-
onstrated a positive effect, and very few reported increased
STI risk. Overall, analytical methods were strong and the
quality of the trials was high, with few exceptions.

Treatment interventions for all STIs and vaccines for viral
STIs showed the most promising, consistently positive ef-
fects of the greatest magnitude. Male circumcision protected
against viral STIs, although the magnitude of the effect was
more limited than that demonstrated with STI treatment or
vaccines. Circumcision may also reduce risk of trichomoni-
asis among men and their female partners and possibly risk
of chlamydia among men; however, these data were less
consistent. Behavioral interventions were effective in al-
most two-thirds of RCTs evaluating these approaches, but
the magnitude of these effects ranged broadly, and little is
known about their long-term impact (e.g., sustainability of
behavior change), especially outside of the rarified and rel-
atively supportive environment of RCTs. Partner services
RCTs yielded roughly similar results in terms of the
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proportion of positive trials and the range and magnitude of
effects. In contrast, existing RCTs of vaginal microbicides
and physical barrier methods demonstrated few or no sig-
nificant positive effects with respect to preventing STIs.
Three issues were consistently important in the outcome
of these STI prevention trials: biology of the pathogen, in-
tervention adherence, and provision of STI prevention ser-
vices to the control group.

The biology of the target pathogen(s), specifically, the
pathogenesis, infectivity, and duration of natural infection,
clearly influenced the effects of biomedical and behavioral
interventions. For example, male circumcision was consis-
tently associated with decreased risk for HSV-2 and HPV
but not for gonorrhea or chlamydia, which colonize the male
urethra rather than the foreskin and make less use of den-
dritic cells in their pathogenesis than do HIV and other viral
STIs. C. trachomatis vaccines have not been developed,
partly because of the challenge of eliciting a robust immune
response to these intracellular bacteria. In contrast, trials of
behavioral interventions, partner services, and treatment
have shown promising results with respect to reducing risk
of bacterial STIs by decreasing infectivity, duration of in-
fection, and/or rates of partner change.

Intervention adherence is also clearly important. Male
circumcision and vaccines, which require minimal adher-
ence, were uniformly effective against viral STIs. In con-
trast, partner services, which require patients to provide
their partners with medication (e.g., PDPT), demonstrated
mixed results. STD clinic patients with newly detected STIs
typically have difficulty contacting their partners, which
probably contributed to the low adherence rates in these
trials. Use of female condoms showed no effect at all, likely
because they were rarely used. Adherence was frequently
not reported in behavioral trials, and lower adherence to
multisession behavioral interventions may explain some of
the mixed results in these trials. In treatment studies, partic-
ipants were often highly motivated to adhere to the provided
therapies because of symptoms or perceived risk of STI.
Although much work has been done in the field of adherence
research for antiretroviral therapies for HIV infection, much
remains to be learned about how to encourage adherence to
other preventive interventions.

The ethical imperative to provide control groups with
prevention services that, in practice, may exceed the local
standard of care is a well-recognized challenge to RCTs of
STI prevention interventions. An intervention must be ex-
tremely powerful to demonstrate benefit above and beyond
control activities that also reduce risk for STIs. For example,
behavioral trials using a health promotion control condition
were more often effective than trials in which the control
group received risk reduction counseling and/or condom
promotion. Similarly, provision of male condoms to all
study participants in trials of physical barrier methods
may have impeded the detection of significant protective
effects of female condoms or diaphragms. Despite these
constraints, the proportion of STI prevention intervention
trials delivering flat results (36%) was strikingly lower than
the 85% of ‘‘flat’’ HIV prevention interventions evaluated in
a recent review (114). Indeed, this differential may be due,
in part, to the greater tendency to enhance prevention in

control groups participating in HIV prevention RCTs com-
pared with STI prevention RCTs.

Other factors may have contributed to the difference in
the proportion of flat HIV and STI prevention RCTs, and
recognition of these factors may improve future STI and
HIV prevention research efforts. STI intervention trials are
often better powered than HIV intervention trials, because
the incidence of most STIs generally exceeds that of HIV
although power was rarely reported; thus, we did not assess
it here. Additionally, STI trials frequently evaluated infec-
tion with multiple pathogens, providing more opportunities
for detection of study endpoints. Finally, HIV prevention
trials often require many years of planning, and the local
incidence can change dramatically, affecting power,
whereas STI incidence is typically subject to less severe
fluctuations over time.

The larger proportion of effective STI prevention inter-
ventions (59%) relative to HIV prevention interventions
(13%) (114) may be explained in part by the populations
targeted. Many of the effective STI behavioral intervention
RCTs were conducted among high-risk subpopulations
(e.g., STD clinic attendees and minority populations in the
United States), primarily assessed bacterial STI transmis-
sion that is typically concentrated in a discrete subpopula-
tion, and accordingly used targeted intervention messages
for these distinct segments of the population. In contrast,
HIV behavioral intervention trials were often conducted in
settings where the HIV epidemic was more generalized, and
broader messages and interventions, which may be more
diluted, were tested.

Some important similarities to the HIV prevention trials
are also worth noting. The likelihood of flat results in trials
of STI prevention interventions differed by intervention mo-
dality, which was also observed among HIV intervention
trials. As noted, the percentage of flat STI prevention RCTs
was greater for intervention modalities for which adherence
was important or provision of a diluted or modified form of
the intervention to the comparison group occurred (i.e., be-
havioral interventions, partner services, microbicides, and
physical barrier methods), ranging from 33% to 100% of the
trials in these categories. In contrast, only 13%–25% of
RCTs of STI treatment, vaccines, and male circumcision
yielded flat results. The control groups in these RCTs did
not receive diluted forms of the interventions and, with the
exception of 1 trial of daily suppressive therapy (76), none
of these trials depended heavily on adherence to ensure
adequate intervention ‘‘dosing.’’ Finally, fully half of STI
intervention trials were conducted in high-income countries,
whereas this was true of only 5% of HIV intervention trials.
Existing infrastructure and lower poverty levels in high-
income countries may facilitate intervention effectiveness,
and there may be less enhancement of risk reduction ser-
vices in comparison groups in these settings.

We have summarized findings from all late-phase RCTs
of STI prevention interventions in the published literature. A
review of this scope was challenging, in part because of the
widely varying trial designs, evaluation and analysis
methods, and presentations of study findings in the studies
we assessed. Therefore, quantitative summary estimates
were not appropriate (115). These results are limited by
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publication bias; negative and flat trials are much less likely
to be published than positive trials. However, the recent
large financial investments in many STI prevention trials
may have increased the likelihood of publication of null
results. Additionally, information on participation, follow-
up, and adherence rates, which is essential to evaluate data
quality and generalizability, was not always clearly re-
ported. Confidence intervals, which allow readers to better
gauge the stability of estimates, were also not uniformly
presented. Most reports did not include projected incidences
of study outcomes, which would help to determine if a flat
result were due to a true lack of effect or simply to inade-
quate study power. Finally, clear descriptions of the study
setting and control and intervention conditions, which could
facilitate comparisons across studies of similar intervention
types and might help to explain discrepant results, were
sometimes lacking.

Despite these limitations, tremendous progress has been
made in STI prevention. Biomedical interventions including
treatment, vaccines, and male circumcision are highly ef-
fective against selected STIs. Behavioral interventions have
also shown promise, although the duration of effect is still
largely unknown. The extent to which findings from RCTs
of individual STI prevention approaches are generalizable to
nonstudy settings and the feasibility of population-level
scale-up of these individual interventions are also unclear.
Implementation research should continue to assess these
carefully.

It has long been recognized that there will be few ‘‘magic
bullets’’ for STI prevention, and successful efforts will
likely require sustained, multipronged approaches. The im-
pact of multicomponent interventions has been assessed in
only 3 RCTs to date (only 1 in the published literature), and
significant protective effects have not yet been shown. De-
spite the disappointing results of the initial multicomponent
trials, these represent only the first generation of such in-
terventions. Several multicomponent HIV prevention inter-
ventions are currently being investigated under the National
Institutes of Health Methods for Prevention Packages Pro-
gram (MP3) initiative, and similar efforts for STI prevention
are needed.

The majority of RCTs of non-HIV STI prevention inter-
ventions conducted to date have demonstrated efficacy, pro-
viding strong support for a range of intervention modalities.
The next generation of STI prevention RCTs should build
on this foundation by harnessing advances in areas ranging
from genomics, proteomics, and immunology to social net-
work analysis and information technology to evaluate in-
novative biomedical and behavioral approaches. Our
review suggests that focused efforts to improve adherence
within RCTs and prevention programs should be a high
priority. This should include development of improved
definitions, metrics, and analysis methods, as well as ap-
proaches to augment adherence, itself. Second, a reassess-
ment of what is ethically and scientifically appropriate to
provide to control groups in late-phase STI prevention RCTs
is also needed, especially if enhanced prevention services
are not sustainable and may compromise the ability to detect
modest, but real, intervention effects. Third, although many
behavioral interventions have been effective in the short

term, the data are limited in terms of long-term effectiveness
in real-world settings. Longer-term behavioral intervention
trials will be needed to determine the extent to which be-
havior change is sustained and to identify reasons for failure
to implement and/or maintain safe behaviors. Fourth, build-
ing on past successes, future efforts should focus on imple-
mentation research to identify the most efficient way to
scale up successful interventions. Finally, more focused re-
search and development of new strategies and assessment
metrics that can be used to evaluate packages of partially
successful approaches, woven together in synergistic ways,
will prove invaluable.
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